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SIGNAL GENERATOR CAPABLE OF VARYING FREQUENCY OF AN OUTPUT 

SIGNAL OVER A WIDE RANGE 



This application claims the benefit of Japanese Patent , 
5 Application No .: 2002-007972 , filed on December 17, 2002, 
which is incorporated herein by reference. 

BACKGROUND OF. THE INVENTION 

1. Field of the Invention 

10 The present invention relates to signal generators used 

for transmitting and receiving circuits in portable 
telephones or the like. 

2 . Description of the Related Art 

A known signal generator is described with reference to 
15 Figs. 5 and 6. Fig.. 5 shows a circuit structure of a 
voltage-controlled oscillator functioning as a signal 
generator. Fig. 6 is an exploded perspective view of the 
known signal generator. 

Referring to Fig. 5, an external power supply voltage is 
20 applied between a power terminal 31 and a ground terminal 32 . 
The collector of an oscillating transistor 33 is connected 
to the power terminal 31, and the emitter of the oscillating 
transistor 33 is connected to the ground terminal 32 via a 
bias resistor 34 and is also connected to an output terminal 
25 36 via a capacitor 35. A bias voltage is applied to the 
base of the oscillating transistor 33 by voltage dividing 
resistors. 37 and 38 connected between the power terminal 31 
and the ground terminal 32. Also, a feedback capacitor 39 



is connected between the base and emitter of the oscillating 
transistor 33 and a feedback capacitor 40 is connected 
between the emitter of the oscillating transistor 33 and the 
ground terminal 32 . 
5 A resonant circuit 41 includes an inductance element 41a 

and a varactor diode 41b. One end of the resonant circuit 
41 is connected to the base of the oscillating transistor 33 
and the other end of the resonant circuit 41 is connected to 
the ground terminal 32. The cathode of the varactor diode 

10 41b is connected to a control voltage terminal 43 via a 

choke inductor 42. An external control voltage is applied 
to the control voltage terminal 43. An oscillation 
frequency is determined by changing the control voltage. 
The circuit shown in Fig. 5 is provided on a circuit 

15 board 50 shown in Fig. 6. The circuit board 50 has a 

multilayered structure. The oscillating transistor 33, the 
varactor .diode 41b, and other circuit components that are 
not shown, such as the bias resistor 34 and the capacitor 35, 
are mounted on the upper surface of the circuit board 50. 

20 The inductance element 41a (not shown) is formed of a strip 
line provided on an inner layer of the circuit board 50. 
The power terminal 31, a plurality of ground terminals 32, 
the output terminal 36, and the control voltage terminal 43 
are provided on end faces of the circuit board 50: A metal 

25 cover 51 for covering the circuit has a plurality of 

downward-protruding lugs 51a, and the' lugs 51a are connected 
to the corresponding ground terminals 32 provided on the end 
faces of the circuit board 50. 
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The oscillation frequency of a voltage-controlled 
oscillator of this type is determined in accordance with the 
specifications of a transmitting and receiving circuit in 
which it is used. Thus, for example, for different types of 
5 portable telephones, an appropriate oscillation frequency of 
the voltage-controlled oscillator is needed for each type of 
portable telephone. Thus, manufacturers must produce many 
types of voltage-controlled oscillators. This complicates 
manufacturing process, thus preventing cost reduction. 

10 

SUMMARY OF THE INVENTION 

Embodiments of the present invention provide a signal 
generator capable of varying the frequency of an output 
signal over a wide range and usable in many types of high- 

15 frequency apparatus. 

A signal generator according to the present invention 
includes a voltage controlled oscillation circuit; frequency 
divider circuits for frequency-dividing an oscillation 
signal output from the voltage controlled oscillation 

20 circuit; a control voltage input terminal for inputting an 
external control voltage for determining the frequency of 
the oscillation signal; and frequency divided signal output 
terminals for outputting frequency divided signals output 
from the corresponding frequency divider circuits. Thus, a 

25 frequency divided signal with a wide frequency range, that 
is lower than or equal to the frequency of the source 
oscillation signal of the voltage controlled oscillation 
circuit, can be output. 
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The voltage controlled oscillation circuit and the 
frequency divider circuits may be arranged in the same 
integrated circuit. The integrated circuit may be provided 
with the control voltage input terminal and the frequency 
5 divided signal output terminals. Thus, the integrated 

circuit can be used as a frequency synthesizer or the like, 
and a signal with a desired frequency can be easily output. 

The signal generator may further include a circuit board, 
on which the voltage controlled oscillation circuit and the 

10 frequency divider circuits are provided. The control 

voltage input terminal and the frequency division signal 
output terminals may be provided on end faces or the 
underside of the circuit board. Thus, a modularized signal 
generator can be easily formed using existing components. 

15 A plurality of frequency divider circuits may be 

connected in series and the frequency division signals from 
the corresponding frequency divider circuits may be output. 
Thus, the frequency range of a frequency-divided signal can 
be extended . 

20 Each of the frequency divider circuits may be a. variable 

frequency divider circuit capable of switching a frequency 
division ratio. Frequency division ratio switching 
terminals each externally inputting a switching signal for 
switching the frequency division ratio of the variable 

25 frequency divider circuit may be provided. Thus,' a 

frequency-divided signal with a desired frequency can be 
obtained by external control. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the structure of a signal 
generator according to a first embodiment of the present 
invention; 

5 Fig. 2 is a circuit diagram of a signal generator 

according to a first embodiment of the present invention; 

Fig. 3 is a circuit diagram of a modularized signal 
generator according to a second embodiment of the present 
invention; 

10 Fig. 4 is an exploded perspective view of the 

modularized signal generator according to a second 
embodiment of the present invention; 

Fig. 5 is a circuit diagram of a known signal generator; 

and 

15 Fig. 6 is an exploded perspective view of the known 

signal generator. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram of a signal generator 

2 0 according to a first embodiment of the present invention. A 
control voltage for determining an oscillating frequency is 
applied from a control voltage input terminal 11 to a 
voltage controlled oscillation circuit 1. A buffer 
amplifier 2 is provided following the voltage controlled 

25 oscillation circuit 1, and a plurality of frequency divider 
circuits (frequency divider circuits 3 and 4 in this 
embodiment) may be cascaded to the buffer amplifier 2. 
Output terminals of the frequency divider circuits 3 and 4 
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are connected to frequency divided signal output terminals 
12 and 13, respectively. Each of the frequency divider 
circuits 3 and 4 is a variable frequency divider circuit 
capable of switching a frequency division ratio. Frequency 
5 division ratio switching signals are input from frequency 
division ratio switching terminals .14 and 15 to the 
frequency divider circuits 3 and 4, respectively. A 
frequency division ratio determined by the frequency 
division ratio switching signal may be a frequency division 

10 ratio represented by a fraction, as well as a frequency 
division ratio represented by a whole number. 

With the structure described above, each of the 
frequency divider circuits 3 and 4 switches the frequency 
division ratio by means of the frequency division ratio 

15 switching signal. Thus, a frequency divided signal with a 
wide frequency range, which is lower than or equal to the 
frequency of a source oscillation signal of the voltage 
controlled oscillation circuit 1 , can be output . 

Fig. 2 shows the signal generator according to the first 

2 0 embodiment as a CMOS integrated circuit. In Fig. 2, only 

the voltage controlled oscillation circuit 1 is specifically 
shown. An integrated circuit 10 is provided with the 
control voltage input terminal 11, the frequency divided 
signal output terminals 12 and 13 , and the frequency 

25 division ratio switching terminals 14 and 15. Also, the 

integrated circuit 10 is provided with a power terminal 16, 
a ground terminal 17 , a bias terminal 18, and the like. A 
power supply voltage is applied from the power terminal 16 
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to the voltage controlled oscillation circuit 1, the buffer 
amplifier 2, and the frequency divider circuits 3 and 4, and 
a current flows from each of the circuits into the ground 
terminal 17 . 

5 The voltage controlled oscillation circuit 1 is a 

balanced circuit. The gates of two oscillating field effect 
transistors (FETs), FET la and FET lb, are connected to the 
drains of the FET lb and the FET la, respectively. Two FETs , 
FET 1c and FET Id, functioning as variable capacitance 

10 elements, are connected. in series. The drain and source of 
the FET lc are connected to the drain and source of the FET 
Id. The gate of the FET lc is connected to the drain of the 
FET la, and the gate of the FET Id is connected to the drain 
of the FET lb. Also, the drain and source of each of the 

15 FET lc and the FET Id are connected to the control voltage 
input terminal 11. 

Inductors le and If connected in series in a planar 
• structure are connected in parallel with the FET lc and the 
FET Id, and the node between- the inductors le and If is 

20 1 connected to the power terminal 16. Also, the sources of 
the FET la and FET lb are connected to the drain of a bias 
FET li via an inductor lg formed in a planar structure. The 
source of the FET li is connected to the ground terminal 17, 
and the gate of the FET li is connected to the bias terminal 

25 18. Also, the inductor lg is connected to the ground 

terminal 17 via a" capacitance element lh. Thus, a bias 
current is applied from the FET li to the FET la and FET lb 
for oscillation, and the inductor lg and the capacitance 



element lh constitute a filter. 

Balanced oscillation signals output from the drains of 
the FET la and the FET lb are input to the buffer amplifier 
2. 

5 Since the signal generator according to the first 

embodiment is formed by the integrated circuit 10, as shown 
in Fig. 2, the integrated circuit 10 .can be used as a 
frequency synthesizer or the like, and a signal with a 
desired frequency can be easily output by determining the 

10 frequency division ratio switching signal. 

Fig. 3 shows a circuit diagram of a signal generator 
according to a second embodiment of the present invention in 
which the voltage controlled oscillation circuit 1, the 
buffer amplifier 2, and the frequency divider circuits 3 and 

15 4 are provided on a circuit board, forming the signal 

generator in a modular structure. Fig. 4 is an exploded 
perspective view of the signal generator in the modular 
structure. 

Referring to Fig. 3, an external power supply voltage is 
20 applied between a power terminal 21 and a ground terminal 22 
The collector of an oscillating transistor lj of the voltage 
controlled oscillation circuit 1 is connected to the power 
terminal 21, and the emitter of the oscillating transistor 
lj is connected to the ground terminal 22 via a bias 
25 resistor lk. A bias voltage is applied to the base of the 
oscillating transistor lj by voltage dividing resistors lm 
and In connected between the power terminal 21 and the 
ground terminal 22. Also, a feedback capacitor lp is 



connected between the base and emitter of the oscillating 
transistor lj and a feedback capacitor lq is connected 
between the emitter of the oscillating transistor lj and the 
ground terminal 22. 
5 A resonant circuit lr includes an inductance element L 

and a varactor diode D. One end of the resonant circuit lr 
is coupled to the base of the oscillating transistor lj , and 
the other end of the resonant circuit lr is connected to the 
ground terminal 22. The cathode of the varactor diode D is 

10 connected to the control voltage input terminal 11 via a 

choke inductor Is. An external control voltage is applied 
to the control voltage input terminal 11. An oscillation 
frequency is determined by changing the control voltage. 

The buffer amplifier 2 coupled to the voltage controlled 

15 oscillation circuit 1 includes a common-emitter amplifying 
transistor 2a, and an oscillation signal amplified by the 
.. amplifying^ transistor 2a is sequentially input to the 
frequency divider circuits 3 and 4. Each of the frequency 
divider circuits 3 and 4 is capable of ^switching the 

20 frequency division ratio and is preferably formed as an 

integrated circuit. Thus, switching signals for switching 
the frequency division ratio are input from the frequency 
division ratio switching terminals 14 and 15 v to the 
frequency divider circuits 3 and 4, respectively. 

25 Frequency-divided signals are output from the frequency 
divider circuits 3 and 4 to the frequency divided signal 
output terminals 12 and 13, respectively. 

The circuit shown in Fig. 3 is provided on a circuit 
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board 25 shown in Fig. 4. The circuit board 25 has a 
multilayered structure. The oscillating transistor Ij, the 
varactor diode D, the amplifying transistor 2a, the 
frequency divider circuits 3 and 4, and other circuit 
5 components are mounted on the upper surface of the circuit 
board 25. The inductance element L (not shown) is formed of 
a strip line provided on an inner layer of the circuit board 
25. Ttie control voltage input terminal 11, the power 
terminal 21, a plurality of ground terminals 22, the 

10 frequency divided signal output terminals 12 and 13, and the 
frequency division ratio switching terminals 14 and 15 are 
provided on end faces of the circuit board 25. A metal 
cover 26 for covering the circuit has a plurality of 
downward-protruding lugs 2 6a, and the lugs 2 6a are connected 

15 to the corresponding ground terminals 22 provided on the end 
faces of the circuit board 25. 

. Each of the terminals may be provided on the underside 
of the circuit board 25. 

With the structure of the second embodiment shown in 

20 Figs. 3 and 4, a modularized signal generator can be easily 
formed using existing components. Also, a frequency divided 
signal with a wide frequency range, that is lower than or 
equal to the frequency of a source oscillation signal, of 
the voltage controlled oscillation circuit 1, can be output. 
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